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ABSTRACT 
The Inoculation of three VAM cultures viz. local culture (Glomus moaeae), YAM culture from 
'ARI, New Deihl (Glomus mOBS_) and a culture from The Energy Research Inatltute (TERI), New 
Deihl (Glomus lnttarsdlt:es) alone or with Increasing applied phosphorus levels from 25 to 75% 
of recommended P205 based on aoll test crop response (STeR) precision model Improved the 
plant height, shoot and root dry matter accumUlation, root length and root weight density as well 
as yield attributes of ralnfec:l maize In an acid alflsol of NW Himalayas. It was revealed that sole 
- ,\.
application of any of 3 YAM fungi did not have pronounced effect on phenological stages though 
combined application of YAM cultures with Increasing P levela from 25 to 75% -of recommended 
P205 reduced the days to various phenological stagea. It waa reported -that sole application of 
these 3 YAM cultures Improved the maize grain yield by 17.10 to 25.38 % over control. Increase 
In P .. I'evels from 25 to 75% of recommended P20 5 besides YAM Inoculation resulted In consistent 
and slsi~lcant Improvement In grain, stover and biological yield of maize. 75% of recommended 
P20 5 alo~9,wtth YAM cultures achieved the goal of targeted yield (40 q ha-1) of maize, thus, saving 
the applied -P to the tune of about 25% without Impairing the soli fertility In the present study. 
Key words: Vesicular arbuscular mycorrhizae, phosphorus, maize, growth, targeted yield, nutrient dynamics. 
Maize is one of the major cereal crops in north-western 
Himalayas particularly wet temperate region of Himachal 
\ . 
Pradesh having acidic alfi801 (2, 15). The availability of 
phosphorus in these acidic soils is very less due to fixation 
of soluble P into insoluble soil phosphate complexes due 
to high fixation power of these soils as a result of excessive 
presence of Fe and AI ions (14). Under SuCh conditions, 
vesicular arbuscular mycorrtlizae (V AM) can playa key 
role in phosphorus mobilization and absorption (4). Most 
of the hill farmers of Himachal Pradesh are poor and cant 
afford the use of recommended doses of chemical fertilizers 
particularly expensive phosphatiC fertilizers. The P deficient 
acidic soils of Himachal Pradesh are best suited to the 
use of VAM tungi (15). Thus, VAM fungi can play an 
important role in such low input intensive farming systems 
of hill tarmers which rely less on chemical fertilizers than 
conventional farming. -Maize is an important food crop of 
the region, thus, it is imperative to generate information 
on effect of VAM fungi and applied phosphorus on growth, 
development and productivity of rainfed maize besides 
nutrient 'dynamics in acid alfisol of wet temperate NW 
.~~.-\ 
MATERIALS AND METHODS 
Field studies were conducted on rainfed maize during 
Kharif 2002 in a- P deficient silty clay loam acid alfisol at 
Experimental Farm of CSK HPKV, Palampur (31·6' N 76·3 
E, 1291 m above mean sea level) in a randomiz~ block 
design (RBO) replicated thrice. Treatments were _ viz. ab-
solute control, farmers' practice (N @ 30 kg ha-1), and 
three VAM fungi cultures I.e., VAMl (Local VAM culture -
Glomus mosseae, developed by CSK HPKV, Palamp~r), 
VAMT (VAM culture-Glomus Intra radices, ~eveloped by 
Centre for Mycorrhizal Research, The Energy' Research 
Institute (TERI), New Delhi) and VAMI (VAM culture-Glomus 
mosseae, developed by Indian Agricultural Research In-
stitute (IARI), New Delhi) alone or with 25, 50 and 75% of 
recommended P20 S dose to rainted maize based on tar-
geted yield concept following soil test crop response (STCR) 
precision model (9) as well as one treatment with sole 
application of 100% of recommended P20 S dose based on 
STCR precision model. 1000/0 of recommended Nand K 
fertilizers were :adcted in 25, 50, 75 and 1000/0 of recom-
mended P20 S supplied treatments based on STCR model. _ 
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N, P and K were supplied through Urea (460/0 N), Single 
Super Phosphate (16% P20 S) and Muriate of Potash (60% 
K20) , respectively. Whole of the P and K were supplied 
basally at the time of sowing while N was supplied in 3 
equal splits i.e. one part at the time of sowing, one part at 
the time of knee high stage and one part at the silking 
stage. In case of farmers practice, 30 kg N ha-1 was 
supplied to the crop in 3 splits described above. The fertilizer 
N, P20 S and K20 were applied on the basis of STCR model 
(9) through following fertilizer adjustment equations: 
FN = 5.67 T - 0.17 SN 
FP20 S = 4.38 T - 5.26 SP 
FK20 = 2.29 T - 0.10 SK 
Where, FN, FP20 S and FK2Q are the fertilizer N, 
P20 S and K20 in kg ha-1, respectively. T is the targeted 
yield of maize (40 q ha-1). SN, SP and SK are the soil 
available N, P and K in kg ha-1, respectively in their 
elemental form. 
Maize crop was sown on June 21, 2002 and harvested 
on Oct. 14, 2002. The plot size was 9 m2 and plant spacing 
was 60 x 20 cm. Maize cv. Early Composite was grown 
with recommended package of practices. Standard proce-
dures were used for chemical analysis of soil and plant 
samples (5). Before sowing, the initial organic carbon 
content in the soil were 14 g per kg soil. The soil pH was 
5.6 while available N, P and K were 251, 15 and 250 kg 
ha-1, respectively. Rainfall received during the crop season 
was 898 mm. 
Data on phenological stages was taken at 50% ex-
pression of each. stage in the concerned treatments and 
the plant height was also taken at these stages on marked 
10 plants in each net plot. Shoot, root and total dry matter 
production was also taken at flowering stage in maize 
besides root length and root weight density from. the sam-
pling row comprising of 2 sampled plants from each plot. 
Statistical analysis was done by the standard procedures 
(3). 
VAM Inoculation 
Soil mixed VAM cultures having VAM spores and fungal 
hyphae were used in the study. In all the 3 VAM ~ultures 
viz. Local, TERI and IARI cultures, the spore count was 
110, 500 and 400 per 250 g air dry soil, respectively. The 
VAM cultures were used @ 12 kg ha-1. These VAM cultures 
were used on spore equivalent basis taking TERI VAM 
culture into consideration while using the VAM cultures. 
Local VAM culture was prepared by the investigating scien-
tists (authors) themselves by raising the target crop (maize) 
till maturity in pots containing 7 kg sterilized soil + 2 kg 
FYM and 1 kg mother culture. After harvest, rhizosphere 
soil of pot as well as root biomass constituted the local 
VAM culture. The actual inocula~ion of maize seeds with 
above' cultures was performed by preparing soil slurry of 
cultures and dipping the seeds into it for half hour followed 
by shade drying for making seed pallets and then sowing 
in the field. 
RESULTS AND DISCUSSION 
Growth and development 
D~ta in Table 1 reveals that increase in phosphorus 
levels from 25 to 750/0 of recommended P 205 dose based 
on STCR model alongwith either of the 3 VAM cultures 
resulted in reduction in days to knee high stage, tasseling, 
silking as well as physiological maturity though the results 
were not statistically so contracting. Similarly, all the 3 
VAM cultures remained statistically at par in phenological 
stage expression without or with inorganic P fertilization. 
Plant height on the other hand was significantly improved 
with the application of either of the 3 VAM cultures over 
control and farmers' practice at all the phenological stages 
under study (Table 1), thereby, indicating the positive effect 
of VA-mycormizae on growth and development of rainfed 
maize (1, 6). Similarly, increase in P levels from 25 to 75 
Ok alongwith either of 3 VAM cultures resulted in consistent 
and significant improvement in maize plant height. It was 
also observed that plant height of maize with the application 
of 50 to 750/0 of recommended P20 S dose alongwith either 
of 3 VAM cultures remained statistically at par with sole. 
application of 1000/0 of recommended P20 S dose in maize 
which again indicate that VAM fungi has positive bearing 
on plant growth beside inorganic P fertilizer economization. 
Similar results have also been reported by (6, 16). 
Data presented in Table 2 on dry matter production 
and root studies at silking stage reveal that shoot, root 
and total dry matter, root length and root weight density 
of rainfed maize was significantly higher with the use of 
either of the 3 VAM cultures (12) without NPK fertilization 
over control and quite comparable with farmers' practice, 
thus, indicating positive effect of mycorrhizal biofertilizer 
on root and shoot growth parameters (1, 7). Increase in 
phosphorus levels from 25 to 75% of recommended 
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P 205 does with either of the 3 VAM cultures were almost 
comparable to sole use of 100% of recommended P20 5 
dose particularly with use of TEAl VAM culture which was 
proved to be superiormost than other 2 VAM cultures with 
or without P application; thought'the differences among 
the 3 VAM cultures were non-sIgnificant at each level of 
P fertilization in the present t~tUdy. These results reveal 
that VAM fungi improved ~e plant growth in terms of 
biomass production as wel( as root length and root weight 
density (7, 12). 
Yield Attributes and Yield 
Yield attributes in table 3 reveals that cob length, 
number of grain rows per cob, grains per cob row, grains 
per cob as well as 100o-grain weight in maize with either 
of the 3 VAM cultures alone were higher over control and 
farmersA: practice (N30)' Either of the 3 VAM cultures with 
increase in P levels from 25 to 750/0 of recommended 
P20 5 dose resulted in consistent improvement in these 
yield attributing characters (16)~ though the differences 
were not statistically contrasting with each incremental 
increase in P levels alongwith mycorrhizal biofertilizers. 
The application of' 750/0 of recommended P20 S in 
combination with either of the 3 VAM cultures exhibited 
statistically similar magnitude of yield attributes compared 
to sole application of 100% of recommended P20 S dose. 
The TEAl VAM culture remained superior in yield attributes 
over other 2 cultures though the differences were 
non-significant among themselves alone or with each P 
level (15, 16). 
Grain, stover and biological yields of maize (Table 3) 
followed the similar trend as that of yield attributing char-
acters. It was observed that the grain and stover yield as 
well as biological yield of maize (Table 3) with the application 
of either of the 3 VAM cultures was higher over control and 
farmers' practice. Data also revealed that sole use of either 
of these 3 VAM cultures resulted in 17.10 to 25.36% 
increase in grain yield of maize over control thereby sug-
gesting its positive bearing on yield expression (4, 12). 
These 3 VAM cultures alongwith 25 to 750/0 of recommended 
P205 dose resulted in consistent and significant improve-
ment in maize grain, stover and biological yields of maize. 
These VAM cultures alongwith 75% P20 S level produced 
statistically equal yields as produced by sole use of 100% 
P20 S dose and TERI culture alongwith 75% P20 5 dose 
even outyielded the sole use of 100% P20 S dose in terms 
i. 
of stover and biological yields. It is also reported that either 
of these 3 VAM cultures alongwith 750/0 of recommended 
P20 S on targeted yield concept basis achieved the goal of 
target yield of 40 q ha-1 thereby saving 250/0 phosphatic 
fertilizers. Thus, it can be inferred that we can economize 
the use of inorganic P fertilizers by 25% with application 
of mycorrhizal biofertilizers without affecting our yield targets 
(4,15). The treatment effects on harvest index in the present 
study were non-significant. Overall, it was observecl that 
use of mycorrhizal cultures resulted in significant improve-
ment in the yield attributes and yield of maize crop (4, 12). 
These results are also supported by the findings of (6 and 
13). 
Nutrient Dynamics 
Data presented on soil available NPK after harvest 
of maize (Table 4) reveals that either of the 3 VAM cultures 
i.e., VAML, VAMT and VAM, alone or in combination with 
25 to 75% of recommended P20 S dose based on targeted 
yield concept (STeA) resulted in consistent a.nd significant 
improvement in soil available P and K. There was slight 
increase in, soil available N with the application of 250/0 
P20 5 dose with VAM cultures over VAM cultures alone 
but further increase in P fertilization resulted in decrease 
in soil available N upto 75% P20 i dose though the 
differences were non-significant. Similarly, P and K content 
in soil were lower with either of the 3 VAM cultures alone 
over control except soil N." On the other hand, available 
N content in soil at 50 and 75% P20 S dose, and available 
K content at 750/0 P20 S dose were at par with sole 
application of 1000/0 of recommended P20 S dose. 11lese 
results show that VA-mycorrhization resulted in increased 
uptake of P and K from the soil at lower soil P levels 
while at high P fertilization rates Nand K content were 
improved in the soil (4), thereby, suggesting that VAM 
might have mobilized the non-available complex native N 
and K pool thus improving the soil available Nand K pool 
which indicates that VAM have some role in nutrient 
dynamics in soil plant system (8). These observations are 
also supported by (10, 11). Aesults of the above experiment, 
overall, suggest that VA-mycorrhizal fungi has positive 
effect on growth, development, yield attributes and yield 
of maize as well as soil fertility status. Besides, it is 
possible to economize chemical fertilizer use to the tune 
of at least by 25 % by resorting to VAM inooulation in 
rainfed maize vis-vis yield target of 40 q ha-1• It· is notable 
that above technology leads to improvement in the soil 
fertility. 
 
 
 
 
 
 
w
w
w
.In
di
an
Jo
ur
na
ls
.c
om
   
   
 
 
 
 
 
 
M
em
be
rs
 C
op
y,
 N
ot
 fo
r C
om
m
er
ci
al
 S
al
e 
   
 
D
ow
nl
oa
de
d 
Fr
om
 IP
 - 
22
0.
22
5.
23
6.
59
 o
n 
da
te
d 
3-
De
c-
20
12
-
-
-
1 
Ta
bl
e 
1 
'
:E
ffe
ct
 o
f 
VA
M
· c
u
ltu
re
s 
a
n
d 
a
pp
lie
d 
P 
o
n
 p
he
no
lo
gi
~1
 s
ta
ge
s 
a
n
d 
pl
an
t 
he
ig
ht
 a
t 
v
a
rio
us
 p
he
no
lo
gi
ca
l s
ta
ge
s 
o
f 
m
a
iz
e .
 
-
-
-
-
-
-
-
-
~
-
-
-
-
-
-
.
 
-
-
-
-
-
O
a
ys
ta
ke
n
 to
 v
a
rio
us
 
.
 -
-
-
~
-
-
.
 
Tr
ea
tm
en
ts
 
Pl
an
t h
ei
gh
t (
cm
) a
t 
v
a
rio
us
 
1
-
-
-
ph
on
olC
»1
Jic
al 
st
ag
es
 
.
 
_
_
_
_
 
_
 
ph
ol
og
ic
al
 s
ta
ge
s 
kn
ee
 
ta
ss
el
in
g 
sl
kl
ng
 
ph
ys
lo
lo
gi
-
kn
ee
 
ta
ss
el
in
g 
sl
kl
ng
 
ph
ys
lo
lo
gl
-
hi
gh
 
hi
gh
 
ca
l 
m
a
tu
rit
y 
st
ag
e 
st
ag
e 
st
ag
e 
ca
l 
m
a
tu
rit
y 
st
ag
e 
st
ag
e 
st
ag
e 
74
 
1
1
1
-
-
-
47
.4
 
-
-
Co
nt
ro
l 
38
 
64
 
23
1.
5 
24
0.
6 
24
0.
7 
l - 0 .... § I: ~ i 
38
 
-
47
.5
 
23
2.
2 
24
1.
2 
24
1.
4 
Fa
rm
er
s'
 p
ra
ct
ic
e 
53
 
74
 
11
1 
VA
M
L 
a
lo
ne
 
38
 
63
 
73
 
11
1 
48
.0
 
23
6.
4 
24
3.
7 
24
4.
0 
.
.
 
24
4.
2 
VA
M
T 
a
lo
ne
 
38
 
63
 
73
 
11
1 
50
.1 
23
5.
4 
24
3.
8 
VA
M
, 
a
lo
ne
 
38
 
62
 
72
 
11
1 
50
.3
 
23
5.
2 
24
4.
0 
24
4.
4 
I 
la
 l la :g i 
VA
M
L 
+
 2
5%
 P
2<
)s 
ba
se
d 
o
n
 S
TC
R 
M
od
el
 
36
 
61
 
72
 
11
0 
51
.8
 
23
6.
4 
24
6.
7 
24
7.
0 
I 
J 
VA
M
T 
+
 2
5%
 P
20
S 
ba
se
d 
o
n
. 
ST
CR
 M
od
el
 
36
 
.
 
61
 
72
 
11
1 
51
.9
 
23
6.
7 
24
6.
4 
24
6.
6 
I 
VA
M
, +
 2
5%
 P
20
S 
ba
se
d-
O
n 
ST
C
R
 M
od
el
 
36
 
61
 
71
 
11
1 
51
.9
 
23
6.
4 
24
6.
3 
24
6.
6 
i 
VA
M
L 
+
 5
0%
 P
20
S 
ba
se
d 
o
n
 S
TC
R
 M
od
el
 
~
 .. -
.
-
"
-
s
g 
70
 
11
0 
56
.5
 
23
8.
1 
24
9.
3 
24
9.
8 
: 
i I 
VA
M
T 
+
 5
0%
 P
20
S 
ba
se
d 
o
n
 
ST
CR
 M
od
el
 
34
 
59
 
71
 
11
0 
56
.S
 
23
8.
1 
25
0.
9 
25
1.
4 
VA
M
I +
 5O
%
--P
20
S 
ba
se
d 
o
n
 S
TC
R 
M
od
el
 
33
 
59
 
68
 
11
0 
56
.4
 
23
8.
1 
24
9.
3 
24
9.
7 
-
-
10
9 
58
.6
 
24
0.
1 
25
0.
4 
25
1.
0 
VA
M
L 
+
 7
5%
 P
2<
)s 
ba
se
d 
o
n
 S
TC
R
 M
od
el
 
34
 
57
 
71
 
:i' i ::t 
VA
M
T 
+
 7
5%
 P
20
S 
ba
se
d 
o
n
 
ST
C
R
 M
od
el
 
34
 
58
 
69
 
10
9 
58
.6
 
23
9.
7 
25
1.
1 
25
1.
7 
VA
M
, +
 7
5%
 P
20
S 
ba
se
d 
o
n
 S
TC
R 
M
od
el
 
34
 
58
 
70
 
10
9 
58
.7
 
23
9.
7 
25
0.
7 
25
1.
3 
t.1
00
%
 P
20
S 
ba
se
d 
o
n
 S
TC
R 
M
od
el
 
34
 
59
 
70
 
10
9 
58
.4
 
24
1.
3 
25
0.
6 
25
1.
2 
LS
D 
(P:
:O.
OS
) 
2.
0 
'-
-_
_
 3.
3 
3.
S 
1.
3 
2.
S 
4.
7 
4.
1 
4.
1 
-
Ta
bl
e 
2 
: 
Ef
fe
ct
 o
f 
VA
M
 c
u
ltu
re
s 
a
n
d 
a
pp
lie
d 
P 
o
n
 d
ry
 m
a
tte
r 
a
cc
u
m
u
la
tio
n 
a
n
d 
ro
o
t 
pa
ra
m
et
er
s 
o
f 
m
a
iz
e 
a
t 
si
lk
in
g 
st
ag
e.
 
en
 n
 
:IJ
 l 
''
JI 
I- a- ::a 
Tr
ea
tm
en
ts
 
R
oo
t 
dr
y 
m
a
tte
r 
To
ta
l d
ry
 m
a
tte
r 
R
oo
t 
le
ng
th
 (c
m)
 
R
oo
t w
e
ig
ht
 d
en
si
ty
 
a
cc
u
m
u
la
tio
n 
a
cc
u
m
u
la
tio
n 
(g/
pla
nt)
 
(gl
pla
nt)
 
(g
lcm
3 ) 
Co
nt
ro
l 
98
.4
 
10
.7
 
10
9.
8 
64
.3
 
0.
00
81
 
Fa
rm
er
s'
 p
ra
ct
ic
e 
10
7.
7 
11
.4
 
11
9.1
 
69
.8
 
0.
00
86
 
VA
M
L 
a
lo
ne
 
10
3.
2 
11
.1 
11
6.
9 
69
 
0.
00
84
 
VA
M
T 
a
lo
ne
 
10
4.
9 
11
.0
 
11
5.
9 
70
.7
 
0.
00
83
 
VA
M
, 
a
lo
ne
 
10
3.
3 
11
.0
 
11
4.
3 
69
.0
 
0.
00
83
 
~ 9( S Ii) a J i 
VA
M
L 
+
 2
5%
 P
2<
)s 
ba
se
d 
o
n
 S
TC
R
 M
od
el
 
12
2.
8 
14
.5
 
13
7.
3 
78
.9
 
0.
01
10
 
! 
VA
M
T 
+
 2
5%
 P
20
S 
ba
se
d 
o
n
 S
TC
R
 M
od
el
 
12
9.
6 
15
.3
 
14
4.
9 
78
.4
 
0.
01
16
 
VA
M
, +
 2
5%
 P
20
S 
ba
se
d 
o
n
 S
TC
R 
M
od
el
 
12
7.
7 
14
.9
 
14
2.
6 
79
.1
 
0.
01
13
 
VA
M
L 
+
 5
0%
 P
20
S 
ba
se
d 
o
n
 S
TC
R 
M
od
el
 
13
5.
6 
17
.4
 
15
3.
0 
92
.2
 
0.
01
32
 
Q.
 f i 
VA
M
T 
+
 5
0%
 P
2<
)s 
ba
se
d 
o
n
 S
TC
R 
M
od
el
 
14
0.
7 
18
.0
 
15
8.
7 
95
.0
 
0.
01
37
 
VA
M
, +
 5
0%
 P
20
S 
ba
se
d 
o
n
 S
TC
R
 M
od
el
 
13
7.
5 
17
.8
 
15
5.
3·
 
93
.0
 
0.
01
35
 
VA
M
L 
+
 7
5%
 P
20
S 
ba
se
d 
o
n
 S
TC
R
 M
od
el
 
14
8.
9 
19
.1 
16
8.
1 
95
.0
 
0.
01
45
 
VA
M
T 
+
 7
5%
 P
2<
)s 
ba
se
d 
o
n
 S
TC
R
 M
od
el
 
15
2.
8 
19
.8
 
17
2.
6 
-
-
96
.7
 
0.
01
49
 
~
 i :i I f 
VA
M
, +
 7
5%
 P
2D
s 
ba
se
d 
o
n
 S
TC
R 
M
od
el
 
15
0.
9 
-
-
-
-
_
.
 
18
.7
 
16
9.
6 
97
.0
 
0.
01
41
 
10
0%
 P
20
S 
ba
se
d 
o
n
 S
TC
R 
M
od
el
 
15
7.
3 
20
.7
 
18
1.
3 
10
1.
3 
0.
01
56
 
LS
D 
(P=
O.O
S) 
3.
43
 
-
-
-
i-
-
-
-
1.
66
 
4.
31
 
4.
S0
 
I 
0.
00
13
 
'
-
-
-
_
_
 
L
..
.-
-.
 
5'
 I r .... CIt 
 
 
 
 
 
 
w
w
w
.In
di
an
Jo
ur
na
ls
.c
om
   
   
 
 
 
 
 
 
M
em
be
rs
 C
op
y,
 N
ot
 fo
r C
om
m
er
ci
al
 S
al
e 
   
 
D
ow
nl
oa
de
d 
Fr
om
 IP
 - 
22
0.
22
5.
23
6.
59
 o
n 
da
te
d 
3-
De
c-
20
12
Ta
bl
e 
3 
: 
Ef
fft
Ct
 o
f 
VA
M
 c
u
ltu
re
s 
a
n
d 
a
pp
lie
d 
P 
o
n
 y
ie
ld
 a
ttr
ib
ut
es
, 
yi
el
d 
a
n
d 
ha
rv
es
t 
in
de
x 
o
f 
m
ai
ze
. 
Tr
ea
tm
en
ts
 
Co
b 
C
ob
s/
 
N
um
be
r 
N
um
be
r 
N
um
be
r 
1 O
OO
-g r
a 
in
 
G
ra
in
 
St
ov
er
 
Bi
ol
og
ic
al
 
Harv
est~
 
le
ng
th
 
pl
an
t 
o
f 
gr
ai
n 
o
f 
o
f 
w
e
ig
ht
 (g
) 
yi
el
d 
yi
el
d 
yi
el
d 
in
de
x 
(%
) 
(cm
) 
ro
w
s/
co
b 
gr
ai
ns
/ro
w
 g
ra
in
s/
co
b 
(q 
ha
-1
) 
(q
 ha
-1
) 
(q 
ha
-1
) 
I 
.
co
n
tro
l 
10
.2
 
1.
0 
10
.0
 
18
.3
 
18
5.
0 
19
0.
44
 
18
.6
5 
40
.1
0 
58
.7
5 
0.
32
 
I 
Fa
rm
er
s' 
pr
ac
tic
e 
10
.5
 
1.
0 
11
.3
 
26
.3
 
30
3.
3 
I 
19
1.
06
 
23
.4
8 
49
;9
4 
73
.4
2 
0.
32
 
VA
M
L 
a
lo
ne
 
11
.0
 
1.
0 
12
.7
 
25
.3
 
32
0.
0 
18
8.
40
 
21
.8
4 
44
.5
8 
66
.4
2 
0.
33
 
VA
M
T 
a
lo
ne
 
12
.2
 
1.
0 
12
.7
 
31
.7
 
39
3.
3 
19
0.
10
 
23
.3
8 
45
.9
6 
69
.3
2 
0.
34
 
VA
M
, 
a
lo
ne
 
12
.3
 
1.
0 
12
.7
 
32
.3
 
40
1.
7 
19
0.
72
 
21
.9
7 
43
.8
2 
65
.7
8 
0.
33
 
-
I 
VA
M
L 
+
 2
5%
 P
20
S 
ba
se
d 
on
 
ST
CR
 M
od
el
 
13
.0
 
1.
0 
12
.7
 
31
.0
 
39
6.
7 
19
5.
50
 
30
.8
0 
59
.3
3 
90
.1
3 
0.
34
 
I 
VA
M
T 
+
 2
5%
 P
20
s 
ba
se
d 
on
 S
TC
R 
M
od
el
 
15
.7
 
1.
0 
14
.0
 
34
.3
 
46
7.
3 
19
5.
51
 
34
.8
2 
67
.1
0 
10
1.
92
 
0.
34
 
I 
VA
M
, +
 2
5%
 P
20
S 
ba
se
d 
on
 S
TC
R 
M
od
el
 
14
.0
 
1.
0 
14
.0
 
32
.0
 
43
8.
3 
19
1.
52
 
35
.7
2 
71
.7
6 
10
7.
47
 
0.
33
 
I 
VA
M
L 
+
 5
0%
 P
20
S 
ba
se
d 
on
 S
TC
R 
M
od
el
 
14
.7
 
1.
0 
14
.0
 
31
.0
 
42
6.
7 
I 
19
2.
98
 
44
.4
2 
87
.5
1 
13
1.
92
 
0.
34
 
I 
-
-
VA
M
T 
'+
 5
0%
 P
20
s 
ba
se
d 
on
 S
TC
R 
M
od
el
 
15
.2
 
1.
0 
14
.0
 
35
.3
 
48
3.
7.
 
19
6.
02
 
44
.1
3 
76
.2
3 
12
0.
36
 
0.
37
 
VA
M
, +
 5
0%
 P
20
S 
ba
se
d 
on
 S
TC
R 
M
od
el
 
14
.0
 
1.
0 
13
.3
 
34
.0
 
·
45
6.
7 
19
4.
86
 
43
.0
9 
73
.4
8 
11
6.
59
 
0.
37
 
VA
M
L 
+
 7
5%
 P
20
S 
ba
se
d 
on
 S
TC
R 
M
od
el
 
16
.0
 
1.
0 
13
.3
 
37
.0
 
48
5.
0 
19
4.
46
 
49
.6
6 
89
.7
3 
13
9.
38
 
0.
36
 
VA
M
T 
+
 7
5%
 P
20
S 
ba
se
d 
on
 
ST
CR
 M
od
el
 
16
.3
 
1.
3 
14
.0
 
39
.0
 
53
1.
7 
19
9.
46
 
53
.7
5 
99
.9
1 
15
3.
66
 
0.
37
 
I 
VA
M
, +
 7
5%
 P
20
S 
ba
se
d 
on
 S
TC
R 
M
od
el
 
16
.3
 
1.
0 
14
.0
 
37
.7
 
52
5.
0 
19
6.
9 
49
.8
4 
86
.0
5 
13
5.
89
 
0.
38
 
! 
1 Q
O%
 P
20
S 
ba
se
d 
on
 S
TC
R 
M
od
el
 
17
.8
 
1.
3 
14
.7
 
40
.0
 
57
0.
0 
19
9.
50
 
58
.5
1 
93
.0
5 
15
1.
56
 
0.
9 
LS
D 
(P
=0
.05
) 
4.
2 
NS
 
2.
3 
5.
4 
~8
4.
~~
._
 
6.
4 
6.
~.
_ 
16
.0
~_
 
20
.6
9 
NS
 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
Ta
bl
e 
4 
: 
Ef
fe
ct
 o
f 
VA
M
 c
u
ltu
re
s 
·
a
n
d 
a
pp
lie
d 
P 
o
n
 p
la
nt
 n
u
tr
ie
nt
 c
o
n
te
nt
 a
n
d 
n
u
tr
ie
nt
 u
pt
ak
e 
a
fte
r 
ha
rv
es
t o
f 
m
a
iz
e.
 
Tr
ea
tm
en
ts
 
N
 
co
n
te
nt
 (%
) 
N
 u
pt
ak
e 
P 
co
n
te
nt
 (%
) 
N
 u
pt
ak
e 
K 
co
n
te
nt
 (%
) 
K 
u
pt
ak
e 
(kg
 h
a-
1 ) 
(kg
 h
a-
1 ) 
(kg
 h
a-
1 ) 
G
ra
in
 
St
ra
w
 
G
ra
in
 
St
ra
w 
G
ra
in
 
St
ra
w 
A 
Co
nt
ro
l 
1.
45
 
0.
47
 
46
.1
 
0.
22
 
0.
06
7 
6.
8 
0.
29
 
0.
55
 
27
.3
 
! 
Fa
rm
er
s' 
pr
ac
tic
e 
1.
48
 
0.
47
 
57
.5
 
0.
22
 
0.O
S8
 
8.
5 
0.
30
 
0.
55
 
34
.5
 
I 
VA
M
L 
a
lo
ne
 
1.
49
 
0.
48
 
53
.9
 
0.
22
 
0.
07
0 
.
 
7.
9 
0.
31
 
0.
56
 
31
.5
 
I 
VA
M
T 
a
lo
ne
 
1.
48
 
0.
49
 
57
.1
 
0.
22
 
0.
07
1 
8.
5 
0.
31
 
0.
56
 
33
.2
 
1 
VA
M
I 
a
lo
ne
 
1.
47
 
0.
49
 
53
.8
 
0.
22
 
0.
07
0 
8.
0 
0.
31
 
0.
56
 
31
.4
 
I 
VA
M
L 
+
 2
5%
 P
20
S 
ba
se
d 
on
 S
TC
R 
M
od
el
 
1.
49
 
0.
49
 
76
.2
 
0.
23
 
0.
07
4 
11
.4
 
0.
34
 
0.
61
 
46
.8
 
I 
VA
M
T 
+
 2
5%
 P
20
S 
ba
se
d 
on
 
ST
CR
 M
od
el
 
1.
51
 
0.
51
 
86
.4
 
I 
0.
23
 
0.
07
9 
12
.9
 
0.
35
 
0.
64
 
55
.3
 
VA
M
, +
 2
5%
 P
20
S 
ba
se
d 
on
 S
TC
R 
M
od
el
 
1.
48
 
0.
51
 
88
.7
 
0.
23
 
0.
07
4 
13
.4
 
0.
34
 
0.
64
 
58
.4
 
VA
M
L 
+
 5
0%
 P
20
S 
ba
se
d 
on
 S
TC
R 
M
od
el
 
1.
50
 
0.
50
 
11
1.
5 
0.
23
 
0.
07
7 
17
.0
 
0.
37
 
0.
63
 
71
.6
 
J 
VA
M
T 
+
 5
0%
 P
20
S 
ba
se
d 
on
 
ST
CR
 M
od
el
 
1.
50
 
0.
51
 
10
5.
9 
0.
23
 
0.
07
8 
16
.2
 
0.
37
 
0.
65
 
65
.7
 
I 
VA
M
, +
 5
0%
 P
20
0 
ba
se
d 
on
 S
TC
R 
M
od
el
 
1.
50
 
0.
52
 
10
2.
6 
0.
23
 
0.
07
7 
15
.6
 
0.
37
 
0.
63
 
62
.0
 
I 
VA
M
L 
+
 7
5%
 P
20
S 
ba
se
d 
6n
 S
TC
R 
M
od
el
 
1.
51
 
0.
51
 
12
1.
0 
0.
24
 
0.
08
4 
19
.3
 
0.
37
 
0.
64
 
75
.7
 
I 
"
-
-
VA
M
T 
+
 7
5%
 P
20
S 
ba
se
d 
on
 
ST
CR
 M
od
el
 
1.
52
 
0.
53
 
13
4.
1 
0.
24
 
0.
08
6 
21
.3
 
0.
39
 
0.
66
 
86
.3
 
I 
VA
M
, +
 7
5%
 P
20
S 
ba
se
d 
on
 S
TC
R 
M
od
el
 
1.
51
 
0.
53
 
12
1.
0 
f-
-
0.
24
 
0.
08
5 
19
.2
 
0.
38
 
0.
65
 
74
.6
 
I 
10
0%
 P
20
S 
ba
se
d 
on
 S
TC
R 
M
od
el
 
1.
53
 
0.
55
 
14
0.
3 
0.
24
 
0.
08
9 
22
.6
 
0.
39
 
0.
66
 
84
.5
 
ts
D
(P
=0
.0
5)
 
0.
04
 
,
 
_0
-"
-~
3_
_ 
16
.4
3 
0.
01
 
0.
00
6 
2.
42
 
0.
03
 
0.
04
 -...
 -
.
-
-
.
-
-
.
.
 
12
.2
4 
I 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
'
-
-
-
-
-
-
-
.
.
 
-
.
-
.
-
~
 
! 
I 
'
) 
.
.
.
.
 
en
 
CI
) §. ! lit :-
 
 
 
 
 
 
w
w
w
.In
di
an
Jo
ur
na
ls
.c
om
   
   
 
 
 
 
 
 
M
em
be
rs
 C
op
y,
 N
ot
 fo
r C
om
m
er
ci
al
 S
al
e 
   
 
D
ow
nl
oa
de
d 
Fr
om
 IP
 - 
22
0.
22
5.
23
6.
59
 o
n 
da
te
d 
3-
De
c-
20
12
c 
.
.
.
.
.
 ,
 
.
.
.
.
.
 
<
: 
.
 
_
'"
,
 
._
~ .
 
.
.
,.
..
 
_
_
 
'_
'.
"~
_·
"U
" 
,.,
..(. , 
.
.
.
.
 
_,
~ .
.
.
.
.
.
.
.
.
.
.
.
 ~ ..
. 
~>
4"
 .. ~
~ .
.
.
.
.
.
.
 ,
'
 
•
 
50
~"
"'
" 
~'
.-
.
.
.
.
.
 ~-
-.
. 
' 
_
_
 
L~
II
I.
-
..
. 
Ta
bl
e 
5 
: 
Ef
fe
ct
 o
f 
VA
M
 c
u
ltu
re
s 
an
d 
ap
pl
ie
d 
P 
o
n
 a
va
ila
bl
e 
n
u
tr
ie
nt
 s
ta
tu
s 
(kg
 ha
-1
) 
a
fte
r 
ha
rv
es
t 
o
f 
m
ai
ze
. 
r-
-
-
-
-
-
-
.
.
 -
-
-
-
-
-
-
-
-
-
-
..
. 
-
.
.
.
.
.
 -
-
-
-
-
-
-
.
.
.
 
-
-
r
-
-
-
'
-
-
-
'
-
-
-
-
-
.
-
-
-
-
-
-
-
-
.
.
.
 
-
-
.
.
.
.
.
.
.
 -
-
-
Tr
ea
tm
en
ts
 
Av
ai
la
bl
e 
N
 
Av
ai
la
bl
e 
P 
Av
ai
la
bl
e 
K
 
~Co
ntr
ol 
-
-
-
-
.
.
.
.
 
-
.
.
 
-
'
-
-
'
-
'
"
 
22
6.
7 
12
.7
 
---
-·-
-~-
---
·--
24-
0-.
4--
-·-
-
-
-
.
 
-
-
-
'-
~ 
(_
 .. -
-
-
-
'
 
-
.
.
.
 
-
-
-
.
.
 
_
.
'
-
-
-
-
.
.
 
-
-
.
 
-
-
-
-
-
.
.
.
.
 
-
.
.
.
.
.
 
_
-
-
.
_
-
_
.
-
f.1 ~ ... ~-
rmer
s. p
ra
ct
ice
 
_
 .
.
 _
_
_
_
_
 
_
_
 
23
4.
7 
13
.0
 
_
_
 
24
3:_
1 _
_
_
 .
.
 _
_
_
_
 .
 
-
VA
ML
 a
lo
ne
 
26
1.
8 
12
.6
 
23
8.
3 
-
-
-
-
-
-
-
_
.
_
.
_
-
-
-
.
_
.
_
-
-
-
-
_
.
_
-
-
-
_
.
 
-
-
-
-
-
.
.
 -
-
.
_
-
-
-
-
VA
M
T 
al
on
e 
22
7.
9 
12
.5
 
23
6.
7 
_
.
_
-
-
-
-
-
-
-
-
-
-
-
-
-
-
_
.
_
-
-
-
.
-
.
 
-
-
-
-
-
-
.
-
-
-
IV
AM
, 
al
on
e 
22
9.
4 
12
.6
 
23
7.
0 
-
-
-
'
-
I 
VA
ML
 +
 2
5%
 P
20
S 
ba
se
d 
on
 S
TC
R 
M
od
el 
26
2.
3 
16
.3
 
24
6.
3 
1
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
'-
'"
 
-
VA
M
T 
+
 2
5%
 P
20
S 
ba
se
d 
on
 S
TC
R 
M
od
el
 
26
2.
2 
16
.2
 
24
5.
8 
~
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
.
-
-
~
.
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
+
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
~
-
-
-
-
-
-
-
-
-
-
-
-
-
-
~
 
VA
M
, +
 2
5%
 P
20
i..
ba
Se
d 
on
 S
TC
A 
M
od
el
 
25
9.
9 
16
.2
 
24
6.
2 
YA
M
l +
 5()
:y o
if20
s b
as
ed
 o
n 
ST
CR
 .. M
od
el
 
r
-
-
-
-
.
.
 
.
'
 
.
25
8.
9 
22
.1
 
25
0.
4 
I 
/ 
.~
 
VA
M
T 
+
50
%
 P
20
S 
ba
se
d 
on
 S
TC
A 
Mod
e~ 
'.
 
,
 
.
,
 
.f~ 
26
0.
5 
' ..
 
,.
,.
 
21
.7
 
24
7.
8 
l 
.
.
 
~~
 
.
 
VA
M
, +
 5
0%
 P
20
S 
ba
se
d 
on
 S
TC
A 
M
od
el
 .. ~~ .
.
 ;·
;· 
25
9.
3 
21
.9
 
24
9.
5 
:;.
:~.
~ ...
 
VA
ML
 +
 7
5%
 P~
s b
as
ed
 o
n 
ST
C~
od
el
 
25
6.
5 
25
.5
 
25
3.
5 
"
'.
.
.
 
-
-
-
.
-
-
-
-
-
-
-
-
-
-
-
-
'
-
'
-
-
-
-
-
f
-
-
-
-
-
-
-
.
-
-
-
-
-
-
-
+
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
i 
VA
M
T 
+
 7
5%
 P
20
S 
ba
se
d 
on
 S
TC
A 
M
od
el
 
25
2.
5 
25
.4
 
25
3.
2 
/ 
.
.
 
VA
M
, +
 7
5%
 P
~s
 b
as
ed
 o
n 
ST
CR
 M
od
el
 
25
4.
4 
25
.7
 
25
3.
4 
,
 
-
11
00
%
 P
20
S 
ba
se
d 
on
 S
TC
R 
M
od
el 
25
3.
3 
32
.0
 
25
3.
6 
I1.S
D (
P=
O.
05
) 
25
.9
3 
.. 
0.
97
 
3
.
4
5
.
 ~ 
/'n
iti
al
 s
ta
tu
s 
25
1.
4 
t4
.6
 
25
0.
9 
l.. .
.
 
_
_
 
_
 
•
 
:, •
 
41
,,
"~
 
t 
; ! ~ ~ 3 ~ i :. i i ! J ! f ~ a i ::r W ... I iii" §" I: J -. g C) a J ~ CIa a: 1 ~ ;t f - ~ i U- S' I .... ..... 
 
 
 
 
 
 
w
w
w
.In
di
an
Jo
ur
na
ls
.c
om
   
   
 
 
 
 
 
 
M
em
be
rs
 C
op
y,
 N
ot
 fo
r C
om
m
er
ci
al
 S
al
e 
   
 
D
ow
nl
oa
de
d 
Fr
om
 IP
 - 
22
0.
22
5.
23
6.
59
 o
n 
da
te
d 
3-
De
c-
20
12
18 Surl .t .,. 
REFERENCES 
1. Aguilera, G.L., Davies, F.T., Olalde, V. and Duray, 
S.A. 1999. Influence of phosphorus and 
endomycorrhiza on gas exchange and plant growth 
of Chile ancho pepper. Photosynthetica, 36:441-449. 
2. Anonymous 1997. Soils of Himachal Pradesh for 
optimizing land use. National Bureau of Soil Survey 
and Land Use Planning (ICAR), Nagpur and 
Department of Agriculture, Govt. of· H.P., Shimla .. 
3. Gomez, K.A. and 'Gomez, A.A. 1984. Statistical 
Procedures for Agricultural Research. A 
Wiley-Interscience Publication, John Wiley and Soris 
Inc., New York, USA. 
4. Harrier, L.A.· and Watson, C.A. 2003. The role of 
arbuscular mycorrhizal fungi in sustainable cropping 
systems. Advances in Agronomy, 79:185-225. 
5. Jackson~ M.L. 1967. Soil Chemical Analysis. Prentice 
Hall of India Pvt. Ltd., New Delhi, pp. 331-334. 
6. Mukhe~ee, P.K. and Rai, R.K. 2000. Effect of VAM 
and PSB on growth, yield and phosphorus uptake 
by wheat (Triticum aestivum) and chickpea (Cicer 
arientium). Indian Journal of Agronomy, 45:602-607. 
7. Nadian, H., Hashemi, M. and Herbert, S.J. 2009. 
Soil aggregate size and mycorrhizal colonization effect 
on root growth and phosphorus accumulation by 
berseem clover. Communications in soil Science and 
Plant Analysis, 40:2413-2425. 
8. Narsian, V.T. and Patel, H.H. 2009. Relationship of 
physicochemical properties of rhizosphere soils with 
native population of mineral phosphate solubilizing 
fungi. Indian Journal of Microbiology, 49:60-67. 
9. Ramamoorthy,' B., Narasimham, R.L. and Dinesh, 
R.S .. 1967. Fertilizer recommendations based on 
fertilizer application for specific yield target ot 
Sonora-64. Indian Farming, 17:443-451. 
10. Shirani Rad, A.H. and Alizadeh, A. 2000. Study on 
the effects of VAM-fungi, Bradyrhizobium japonicum 
and phosphoJUS on nutrient uptake efficiency in 
soybean. Seed and Plant, 16(2):172-191. 
11. Shirani Rad, A.H., Alizadeh, A. and Hashemi, D.A. 
2000. The study of VAM fungi, phosphorus and 
drought stress effect or nutrient uptake efficiency in 
wheat. Seed and Plant, 16(3):327-349. 
12. Singh, S.K. and Srivastava, J.S. 2007. Response of 
pea cultivars to rhizobia and mycorrhizal fungi. Journal 
of Food Legumes, 20(1):87-89. 
13. Singh, S. and Kapoor, K.K. 1999. Inoculation with 
phosphate solubilizing microorganisms and a VAM 
fungus improves dry matter yield and nutrient uptake 
by wheat grown in a sandy soil. Biology and Fertility 
of Soils, 28: 139-144. . 
14. Sharma, P.K., Verma, S.P. and Bhumbla, D.R. 1980. 
Transformation of added phosphorus into inorganic 
phosphorus fractions in some acid soils of Himachal 
Pradesh. Journal of Indian Society of Soil Science, 
28:450. 
15. Suri, V.K., Choudhary, A.K., Chander, G. and Vermal 
T.S. 2006. Studies on VAM fungi as a potential 
biofertilizer in an acid alfisol of NW Himalayas. In: 
18th World Congress of Soil- Science, Philadelphia. 
Pennsylvania, USA. 18th WCSS Congress Abstracts 
p 515. 
16. Suri, V.K., Chander, G., Choudhary, A.K. and Verma 
T.S. 2006. Co-inoculation of VAM and phosphatE 
solubilizing bacteria in enhancing phosphorus suppl~ 
to wheat in Typic Hapludalf. Crop Research 
31 (3):357-361. 
